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Abstract 
 
This study aims to identify profiles of pre-service teachers in order to explore their 
readiness to integrate technology in education. The assumption is that pre-service teacher 
characteristics such as technological pedagogical content knowledge (TPACK), go together 
with the influence of their teacher training. Specifically, this study examines whether pre-
service teachers can be clustered on the basis of their TPACK, a typical set of ICT-related 
characteristics (e.g., general ICT attitudes, attitudes towards ICT in education, ease of use, 
ICT self-efficacy), and the perceived support at their training institution to adequately 
integrate ICT in education. Data were collected from a sample of 688 last-year pre-service 
teachers in 18 teacher training institutions in Flanders (the Dutch-speaking part of 
Belgium). Using correlational and latent profile analysis, the results suggest that: (1) two 
profiles can be distinguished, (2) TPACK and other individual ICT-related characteristics 
are positively correlated, and (3) pre-service teachers in a profile with strong TPACK, 
attitudes, and self-efficacy scores also report high scores on the support they perceive at 
their teacher training institution. Implications for the role of teacher training institutions are 
discussed with a specific focus on how to close the gap between the two identified profiles. 
 
 
Introduction 
 
Today, school teachers are dealing with a new generation of students who are growing up with new 
technologies as omnipresent tools. The changes have been faster than could have been imagined two or 
three decades ago (Spector, 2010). But increasing access to technology does not seem to be enough to 
lead to effective use of technology in education (Tondeur, van Braak, Siddiq, & Scherer, 2016). Teachers 
play a key role in enhancing student learning with technology-enhanced classroom practices. 
Consequently, preparing future teachers to integrate technology in their educational practice is a 
challenge that teacher training institutions (TTI) are increasingly confronted with (Liu, 2016; Ottenbreit-
Leftwich, Glazewski, Newby, & Etmer, 2010). To train pre-service teachers, TTIs need to help them 
bridge the gap between technology, pedagogy, and content knowledge (TPACK). Koehler and Mishra 
(2009) argue that for technology integration to occur in education, teachers must be competent in these 
three forms of knowledge, but more importantly, they must be able to integrate all three types of 
knowledge (Sang, Tondeur, & Chai, 2014; Schmidt et al., 2009). TPACK emphasises the importance of 
preparing pre-service teachers to make sensible choices in their uses of technology when teaching 
particular content to a specific target group. 
 
The need to better align pre-service teachers’ preparation for the integration of technology with 
pedagogical issues and curriculum has been noted by many researchers recently (e.g., Agyei & Voogt, 
2014, 2015; Ottenbreit-Leftwich et al., 2010). But preparing student teachers for TPACK is a complex 
process (Aslan & Zhu, 2016; Tondeur et al., 2012). Some pre-service teachers are intrinsically motivated 
to use ICT in educational practice, while others do not share this affinity. For this reason, many 
researchers have centred on critical individual characteristics associated with TPACK, such as pre-service 
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teachers’ attitudes (e.g., Holland & Piper, 2016), ease of use (e.g., Teo & Milutinovic, 2015), and their 
self-efficacy (e.g., Abbitt, 2011; Siddiq, Scherer, & Tondeur, 2016). But a mere focus on pre-service 
teachers’ characteristics could lead to individual blame rather than system blame when focusing on 
explaining variables related to TPACK. Therefore, research should also stress the role of pre-service 
training (Mouza, Karchmer-Klein, Nandakumar, Ozden, & Hull, 2014). TTIs differ with respect to 
performance levels, innovation capacity, and contextual characteristics (Tondeur, Pareja Roblin, van 
Braak, Fisser, & Voogt, 2013). This implies that educational improvement or innovation efforts should 
consider to a large extent the power of site or place (Fullan, 2001). 
 
This study aims to determine which pre-service teacher characteristics are connected to the perceived 
support from their TTIs to prepare them for educational ICT use. Specifically, the study examines 
whether pre-service teachers can be clustered on the basis of a typical set of: (1) individual characteristics 
such as TPACK, their attitudes towards ICT (in education), their ICT self-efficacy, and ease of use; and 
(2) the support pre-service teachers perceive from their TTIs with respect to technology integration in 
education. Before presenting the results of the empirical study, we first elaborate on the individual pre-
service teachers’ characteristics related to TPACK. We subsequently describe the strategies TTIs can 
adopt to prepare pre-service teachers for TPACK and how likely they are to influence the ICT profile of 
pre-service teachers. In the conclusion, the implications for practice and future research are discussed. 
 
Background 
 
TPACK and teacher education 
 
Despite large expenditures, increased access and almost universal use by school-age children, several 
observers have questioned the extent to which technology is affecting teaching and learning (Spector, 
2010). Effectively integrating technology into learning systems is much more complex than providing 
computers and securing a connection to the Internet. Computers, digital whiteboards, or tablets are merely 
tools; no technology can compensate for inadequate practices (Ertmer, 2005; Tondeur, van Braak, Ertmer, 
& Ottenbreit-Leftwich, 2016). Critical choices have to be made in terms of the relationship between ICT 
use and educational objectives. To address this challenge, many TTIs have included introductory 
technology courses in their curriculum (Polly, Mims, Shephard, & Inan, 2010; Schmidt et al., 2009). 
These courses aim to equip pre-service teachers with a set of basic competencies they can transfer to their 
future classroom practice. However, beginning teachers often feel not prepared to effectively use 
technology in their classrooms (e.g., Sang, Valcke, van Braak, & Tondeur, 2010). At the same time, the 
evidence reveals that beginning teachers use technological applications mainly for structured learning 
approaches, while few created opportunities for student-centred technology use (Ottenbreit-Leftwich, 
Ertmer, & Tondeur, 2015; Tondeur, Pareja Roblin, van Braak, Voogt, & Prestridge, 2017). 
 
The need to better align pre-service teachers’ preparation in the integration of technology with 
pedagogical issues and curriculum integration has been noted by many researchers recently (e.g., Angeli 
& Valenides, 2009; Voogt, Fisser, Pareja, Tondeur, & van Braak, 2013). Research reveals that this has 
resulted in strategies by TTIs (e.g., using teacher educators as role models, learning technology by design, 
scaffolding authentic technology experiences) to develop pre-service teachers’ TPACK (Tondeur, van 
Braak, Ertmer et al., 2016). TTIs have also engaged in conditions necessary to implement such strategies 
(e.g., technology planning and leadership, co-operation within and between institutions, training staff 
[Polly et al., 2010]). 
 
Clearly, there are different strategies for the content and delivery methods to prepare pre-service teachers 
for technology use (e.g., Kay, 2006; Mouza et al., 2014). Still, the question remains how TTIs can get a 
comprehensive overview of effective strategies. In this respect, Tondeur et al. (2012) reviewed 19 
qualitative studies in order to develop an SQD-model (synthesis of qualitative evidence) on which content 
and delivery methods best prepare pre-service teachers to integrate technology into their future 
classrooms (Figure 1). 
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Figure 1. SQD-model to prepare pre-service teachers for technology use (Tondeur et al., 2012) 
 
According to the findings of this review, 12 key themes need to be in place in the teachers’ education 
programs to prepare future teachers for technology integration. The two outer circles in the SQD-model 
include the conditions necessary at the institutional level such as technology planning and leadership, 
training staff, access to resources, cooperation within and between the institutions. The two inner circles 
include micro-level strategies such as using teacher educators as role models, and scaffolding authentic 
technology experiences. These six strategies at the micro-level were examined in this study. 
 
The first strategy involves teacher educators acting as role models. Although this has proven to be an 
important motivator for future technology integration in the classroom (Kaufman, 2015), simply having 
pre-service teachers watch examples of technological applications is helpful but not sufficient. Because 
pre-service teachers should also be able to interpret these examples in a specific educational context, the 
second strategy consists of discussing and reflecting upon successful uses of technology. This might help 
them to see the utility, value, and feasibility of using a particular technology and/or teaching strategy (cf. 
Mouza et al., 2014), hence furthering their ability to differentiate between action and purpose and 
enabling deeper and more critical thinking about technology integration. 
 
Research also suggests that providing the opportunity to learn about technology integration by re-
designing curriculum materials (strategy 3) can also be a promising strategy (Lee & Lee, 2014). In several 
studies, pre-service teachers stated that technology integration required additional planning and 
preparation because they had no prior knowledge about or experience with the design of ICT-supported 
learning activities (e.g., Polly et al., 2010). Many studies have demonstrated that group work (strategy 4) 
might mitigate these feelings of insecurity when teachers need to design technology-related curriculum 
materials (Tearle & Golder, 2008). As a fifth strategy, pre-service teachers may also apply their 
knowledge of educational technology in authentic settings (Sang et al., 2012; Valtonen et al., 2015). 
Finally, the sixth strategy involves on-going and process-oriented feedback, which has been proven to be 
beneficial for pre-service teachers’ abilities to use technology in the classroom (Banas & York, 2014). In 
the current study, we aim at delineating profiles on the basis of pre-service teachers’ ICT-related attitudes, 
their TPACK, and the support they perceive provided by their institution (SQD). 
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Pre-service teachers’ ICT profiles 
 
Niess (2015) found that TPACK is highly personal. To understand pre-service teachers’ TPACK, we 
therefore need to study several individually and perception-based characteristics of their ICT profiles. In 
this section, we review the literature grounds for the importance of pre-service teachers’ characteristics 
that are related to educational ICT use and how this can be associated to their TPACK. Yet, this list of 
factors cannot reflect the full complexity of characteristics. The knowledge base presented in this paper is 
by no means definitive or exhaustive. Understanding one element leads to the necessity to understand the 
foundation on which that element rests, which in turn can lead to the discovery of other significant 
elements. 
 
Clearly, attitudes towards technology influence whether (pre-service) teachers integrate ICT into their 
classroom (Scherer, Siddiq, & Teo, 2015; Teo, 2008). Different authors found that among the factors that 
affect TPACK and the successful use of ICT in the classroom, teachers’ attitudes towards ICT play a key 
role (Sang et al., 2012). Research (Pynoo et al., 2011; Siddiq et al., 2016) also supported that educational 
ICT use was strongly affected by specific attitudes, such as attitudes toward ICT in education and ease of 
use. Therefore, a scale is used in this study that includes a broad spectrum of dimensions such as 
usefulness, ease of use, interest, and pleasure. Consequently, the current study can be situated in the 
tradition of the technology acceptance model (TAM). TAM posits that pre-service teachers’ acceptance is 
determined by two key dimensions, namely perceived usefulness and ease of use (cf. Venkatesh et al., 
2013). These dimensions are included in the attitudes scale used in this study. 
 
Several studies show that ICT self-efficacy is also positively correlated with an individual’s willingness 
to choose and participate in ICT-related activities. Self-efficacy regarding technology refers to a person’s 
perceptions of and capabilities to apply computers (Compeau & Higgins, 1995). Pre-service teachers with 
higher levels of ICT self-efficacy use ICT more often (Kavanoz, Yuksel, & Ozcan, 2015). Research 
confirmed positive relations between pre-service teachers’ TPACK and their self-efficacy in integrating 
ICT (Semiz & Ince, 2012). In the current study, we focus on pre-service teachers’ self-efficacy to manage 
ICT for their own teaching purposes (see Tondeur et al., 2017). In the Tondeur et al. (2017) study a 
reasonable positive correlation is found between pre-service teachers’ self-efficacy to use ICT as a 
supportive tool (e.g., to select or design educational ICT applications or the use of ICT to track the 
learning process of pupils) and their efficacy to use ICT in the classroom (e.g., support pupils to present 
information by means of ICT or to motivate pupils to use ICT in a positive way). This relationship 
between both types of ICT competencies can also be found in other studies (e.g., Sang et al., 2010) that 
the supportive use of ICT is the most significant predictor of actual classroom ICT use. 
 
Research objectives 
 
In the literature, the question is repeatedly put forward as to what variables are associated with pre-service 
teachers’ TPACK. In this respect, the process of TPACK development is dynamic and involves 
interacting factors. A number of studies have focused on either the role of TTIs or the pre-service 
teachers’ individual characteristics. Even though, it has been assumed that these are positively related, no 
study included both in the profile of pre-service teachers. This person-centred approach is rooted in the 
holistic-interactionistic research paradigm (Bergman & Magnusson, 1997; Bergman, von Eye, & 
Magnusson, 2006). In this paradigm, variables dynamically interact with person characteristics and are 
therefore considered to be an integral part of the overall functioning of an individual (Bergman & 
Wångby, 2014; Magnusson, 1998). In contrast, the variable-centred approach – an approach that is most 
commonly employed in psychological research – typically addresses variables and their relationship to 
and/or predictive ability for the outcome of a study (Laursen & Hoff, 2006). Hence, the focus is on the 
structure of the variables across persons rather than the response patterns within the persons (Marsh, 
Lüdtke, Trautwein, & Morin, 2009). Moreover, this approach is based on the understanding that the 
variable-outcome relation is the same across the population – this is, according to Laursen and Hoff 
(2006) seldom the case. On the contrary, the person-centred approach is based on population 
heterogeneity and warrants examination of the patterns and relationships among the variables at the level 
of the individual allowing for a more holistic view of the persons under study (Magnusson, 1998). In this 
study, we focus on the relationship between pre-service teachers’ TPACK, their individual characteristics, 
and perceptions on the support provided by TTIs. Furthermore, we aim at delineating profiles based on 
pre-service teachers’ ICT-related attitudes, the support they perceive provided by their institution (SQD) 
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and their TPACK. In this respect, we distinguish between technological knowledge (TK) as a purely 
technological dimension in TPACK, and the technology and pedagogical dimensions, TPK, TCK, and 
TPCK. 
 
Research method 
 
Sample and instruments 
 
A survey was developed to explore pre-service teachers’ characteristics (including TPACK) and the 
support pre-service teachers receive in their TTIs (the strategies included in the SQD-model). The survey 
was conducted among N = 688 pre-service teachers from 18 teacher training institutions in Flanders 
(Belgium) in their final year of education. All respondents received an email invitation to fill in the 
survey; participation was completely voluntary. 73.8% of the respondents were females. The average age 
was 25.1 years (SD = 7.7 years). 57.7% of the pre-service teachers had obtained a Bachelor’s degree in 
higher education and 42.3% had obtained a specific teacher training degree from universities, colleges, or 
centres for adult learning. 
 
TPACK 
The measurement of the TPACK technology-dimensions (TCK, TPK, TPCK, and TK) was based on the 
adapted Dutch version of Schmidt et al.’s (2009) TPACK self-report scale (Fisser, Voogt, Tondeur, & van 
Braak, 2015). Teacher students was asked to indicate the extent to which they agreed with a number of 
statements that referred to the technology-dimensions (0 = I completely disagree, 4 = I completely agree). 
This new instrument revealed a general TPACK (TPCK, TPK, and TCK) and a specific TK factor 
(Scherer, Siddiq, & Tondeur, In press; see Appendix A). The general TPACK factor was measured by 
14 items that tapped TPCK, TPK, and TCK (Cronbach’s α = .94), whereas the TK scale was measured by 
7 items (Cronbach’s α =.89). 
 
Attitudes towards ICT (in education) 
The first instrument employed to measure pre-service teachers’ attitudes is the general attitudes toward 
ICT scale (Cronbach’s α = .82), a 5-item scale developed by Evers, Sinnaeve, Clarebout, van Braak, and 
Elen (2009). It includes items relating to interest (e.g., “I want to know more about computers”), pleasure 
(e.g., “I like to talk about computers to others”), and usefulness (e.g., “The use of a computer is useful to 
me”). The ease of use scale (Cronbach’s α = .89) contains three items (e.g., “I feel comfortable when I use 
computers”). The attitudes toward ICT in education scale (Evers et al., 2009) measures students’ attitudes 
toward the effects of adopting computers in education including the same spectrum of dimensions: 
interest, ease of use, pleasure and usefulness. The eight items on pre-service teachers’ self-efficacy 
(Cronbach’s α = .89) measure the degree to which pre-service teachers feel competent to use ICT as a 
supportive tool to strengthen their instructional practice (Tondeur et a., 2017), for example, “select ICT-
applications in view of a specific educational setting” or “design a learning environment with the 
available infrastructure”. Respondents were asked to rate each statement of all on a 5-point Likert scale, 
anchored between: 0 - strongly disagree and 5 - strongly agree. 
 
SQD-scale 
The SQD-scale used in this study was constructed around the six significant domains of the inner circle 
(e.g., the micro-level) of the SQD-model (Tondeur, van Braak, Siddiq et al., 2016), a model based on the 
synthesis of qualitative evidence (Tondeur et al., 2012 [Figure 1]): (1) using teacher educators as role 
models, (2) reflecting on the role of technology in education, (3) learning how to use technology by 
design, (4) collaboration with peers, (5) scaffolding authentic technology experiences, and (6) providing 
continuous feedback (22 items, Cronbach’s α = .97). Respondents were asked to rate each statement of all 
on a 5-point Likert scale, anchored between: 0 - strongly disagree and 5 - strongly agree. 
 
Latent profile analysis (LPA) 
 
In order to identify latent profiles in pre-service teachers’ data, we conducted latent profile analyses to our 
cross-sectional data set. This probabilistic approach is person-centred, as it creates a categorical latent 
variable which represents pre-service teachers’ unobservable (i.e., probabilistic) membership in a profile 
(Berlin, Williams, & Parra, 2014; Masyn, 2013); in fact, LPA results in the most likely profile 
membership for individuals (Morin, Morizot, Boudrias, & Madore, 2011). Marsh et al. (2009) recognised 
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that LPA represents a flexible, model-based approach to group individuals in homogeneous profiles, 
which has several advantages over cluster analysis (refer to Marsh et al., 2009, for a detailed discussion of 
these advantages). 
 
LPA is commonly employed as a series of models with varying numbers of profiles. These models are 
subsequently compared according to the changes in relative fit statistics such as information criteria 
(Nylund, Asparouhov, & Muthén, 2007). More specifically, LPA models with lower information criteria 
(i.e., Akaike’s Information Criterion [AIC], Bayesian Information Criterion [BIC], and the sample-size 
adjusted BIC [aBIC]), are generally preferred (Marsh et al., 2009). In addition to comparing the values of 
information criteria, likelihood-ration tests (LRTs) provide another possibility to disentangle which model 
fits best. As many other LRTs, the Vuong-Lo-Mendell-Rubin (VLMR) and Lo-Mendell-Rubin (LMR) 
likelihood ratio tests compare the differences in models’ deviances (i.e., deviance = -2*Log-Likelihood 
value [LogL]) on the basis of a χ2 statistic. In the case where an LPA model with k-1 profiles is compared 
to an LPA model with k profiles, a significant outcome (p < .05) of either tests indicates that the model 
with k profiles is preferred (Lo, Mendell, & Rubin, 2001; Nylund et al., 2007). Both the LRTs and the 
information criteria can be used to decide on the best-fitting model and therefore the number of profiles. 
 
Besides these two sources of information, researchers can also examine the uncertainty with which 
individuals are assigned to the profiles in an LPA model. This uncertainty is referred to as entropy. In the 
statistical software Mplus, however, estimates entropy as the certainty of classification. Hence, high 
entropies – as obtained from Mplus – indicate a high degree of certainty in the classification of 
individuals (Morin et al., 2011). Entropies larger than .60 can be regarded as substantial (Pastor, Barron, 
Miller, & Davis, 2007), and entropies that exceed .70 indicate a good classification accuracy (Reinecke, 
2006). Generally, entropies can be improved if predictors of profile membership (i.e., further variables 
that are not used to form the profiles) are included in the analyses (Masyn, 2013). Tein, Coxe, and Cham 
(2013), however, warned that entropies may be misleading when making a decision on the number of 
profiles and therefore the final LPA model. Hence, the proposed guidelines cannot serve as strict rules in 
order to make a pass-fail decision for any LPA model. Instead, Marsh et al. (2009) and Morin et al. 
(2011) argued that this decision should also be based on the interpretability of the latent profiles. In fact, 
if profiles cannot be distinguished well, an LPA model with fewer profiles might be preferred. 
 
Estimation procedure and missing data 
 
The latent profile analyses were based on robust maximum likelihood estimation (MLR), an estimation 
procedure that corrects for potential deviations from the normality of variables. The means of all scales 
were used to disentangle the profiles. In the current data set, 3.3% of the variables were missing due to 
participants’ non-responses, and we used the full-information-maximum-likelihood procedure in order to 
handle them under the assumption that they occurred randomly (Enders, 2010). All analyses were 
employed in Mplus 7.3 (Muthén & Muthén, 1998-2015). 
 
Results 
 
Descriptive statistics and correlations among variables 
 
Table 1 summarises the bivariate correlations between all variables under investigation. The correlations 
between the variables measuring pre-service teachers’ ICT characteristics vary between r = .35 and r = 
.77. Both ICT use (r = .12, p < .001) and ICT competencies (r = .09, p < .01) are significantly related to 
TPACK. Furthermore, the results suggest significant inter-relationships between TK and TPACK (r = .77, 
p < .001). Table 1 indicates that the ICT-related variables ICT attitudes, attitudes towards the use of ICT 
in education, ease of use, and ICT self-efficacy are closely related. The results also suggest that there is a 
significant association between the individual characteristics and SQD. 
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Table 1 
Means, standard deviations, and correlations for the total sample (N = 688) 
Variable M SD 1 2 3 4 5 6 
1. SDQ 2.70 1.01             
2. General ICT attitudes 3.48 0.81 .27**           
3. Attitudes toward the 
educational ICT use 4.01 0.79 .16** .59**         
4. Ease of ICT use 3.37 0.94 .22** .61** .48**       
5. ICT self-efficacy 3.36 0.76 .43** .42** .35** .46**     
6. TPACK# 2.64 0.59 .53** .51** .40** .49** .65**   
7. Technological 
knowledge (TK) 2.51 0.72 .41** .60** .36** .60** .61** .77** 
Note. The correlations reported here are estimated on the basis of the mean scale scores. 
# This variable contained the TPACK dimensions TPCK, TPK, and TCK. M and SD are used to represent 
mean and standard deviation, respectively. * p < .05; ** p < .01. 
 
The results give a first impression of the relationship among the research variables. Yet, these correlation 
measures do not provide information about how pre-service teachers might be clustered in different 
profiles. 
 
Latent profile analysis 
 
Decision on the number of profiles 
We performed latent profile analyses with varying numbers of profiles and used pre-service teachers’ age 
(in years) and gender (1 = male, 2 = female) as covariates. Table 2 details the resultant information 
criteria, entropies, and the outcomes of the likelihood ratio tests. As shown in this table, an increasing 
number of potential profiles is associated with a decrease in the information criteria (i.e., AIC, BIC, and 
aBIC), and an increase in classification accuracy (i.e., entropy). 
 
These trends indicate that the more profiles are distinguished, the better the model fit. At the same time, 
the likelihood ratio tests show that there is no significant gain in model fit when comparing the two-
profile model with the three-profile model. Moreover, the three profiles in the latter model identified were 
by and large overlapping and therefore not clearly distinct from a theoretical point of view. As a 
consequence, we accepted the two-profile model as our final model to describe the latent profiles in the 
current study. This model did not only have reasonably high entropy (.820), but also uncovered two 
clearly distinct and interpretable profiles. 
 
Table 2 
Comparisons of relative model fit indices between latent profile analysis models with up to three profiles 
No of 
latent 
profiles 
LogL 
(Npar) 
SCF AIC BIC aBIC Entropy p(VLMR-
LRT) 
p(LMR-
LRT) 
Interpret- 
ability 
1 -5671.7 
(14) 
1.238 11372 11435 11391 1.000 – –  
2 -5101.1 
(24) 
1.457 10250 10359 10283 0.820 .000 .000 Good 
3 -4876.0 
(34) 
1.549 9820 9974 9866 0.842 .089 .091 Difficult 
Note. LogL = Loglikelihood, Npar = number of parameters, SCF = scaling correction factor (Satorra & 
Bentler, 2010), VLMR-LRT = Vuong-Lo-Mendell-Rubin likelihood ratio test, LMR-LRT = Lo-Mendell-
Rubin likelihood ratio test. 
 
Description of the latent profiles 
Based on the latent profile analysis, the respondents were distributed among two profiles as follows: 241 
were classified as Profile 1 members (35% of the 688 respondents) and 447 were grouped in Profile 2 
(65%). The differences between the mean scores of the two profiles were statistically significant for all 
scale scores. Pre-service teachers in Profile 2 reflect higher scores on all the different scales compared to 
pre-service teachers in Profile 1. The latter profile is therefore labelled as Low ICT Profile (L-ICT). In 
contrast, Profile 2 is labelled as High ICT Profile (H-ICT). Table 3 provides an overview of the 
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descriptive statistics and the corresponding effect sizes. In order to disentangle the statistically significant 
differences across profiles in the seven variables and to supplement the evidence on the distinction 
between two profiles, we performed a one-way MANOVA and found a significant multivariate main 
effect of the most likely profile membership, Wilks’ Λ = 0.41, F (7, 657) = 136.4, p < .001, partial-
η2 = .592. The power to detect this main effect was 1.00. Given the significance of the overall test, the 
univariate main effects were examined under the Bonferroni adjustment of p-values in order to prevent 
type I errors, adjusted p-value = 0.05/7 = 0.007431 (Table 3). These univariate effects exhibited 
significant differences between the two profiles in all variables with substantial effect sizes, d = 0.97-
1.91. Besides these findings, there was evidence that the covariance matrices differed between the two 
profiles, Box’ M = 222.2, F (28, 783763.9) = 7.83, p < .001. This result needs further attention in future 
studies that target the identification of latent profiles on the basis of the correlations among variables. 
 
Table 3 
Mean comparisons across the two identified profiles 
Variables 
M (SD) 
Latent profile 1 
(N = 241) 
Latent profile 2 
(N = 447) 
d 95% C.I. d 
SDQ 2.13 (0.92) 3.02 (0.92) 0.97* [0.81; 1.14] 
General ICT attitudes 2.83 (0.66) 3.82 (0.66) 1.51* [1.33; 1.68] 
Attitudes toward the 
educational ICT use 
3.53 (0.71) 4.26 (0.71) 1.03* [0.86; 1.19] 
Ease of ICT use 2.64 (0.77) 3.77 (0.77) 1.47* [1.29; 1.64] 
ICT self-efficacy 2.75 (0.62) 3.68 (0.62) 1.31* [1.13; 1.48] 
TPACK# 2.14 (0.47) 2.91 (0.47) 1.65* [1.47; 1.83] 
Technological 
knowledge (TK) 
1.85 (0.53) 2.87 (0.53) 1.91* [1.72; 2.10] 
Note. d = Effect size Cohen’s d with its 95% confidence interval (C.I.). 
# This variable contained the TPACK dimensions TPCK, TPK, and TCK. * p < .05/7 = .00743. 
 
Figure 2 provides a graphical representation of the two profiles’ means and their SEMs of the seven 
classification measures. 
 
 
Figure 2. Mean scores of the two profiles on the selected scales 
Note. SDQ = Synthesis of Qualitative Data (Strategies to prepare pre-service teachers), GATT = General 
ICT attitudes, EDATT = Attitudes toward the educational use of ICT, ESATT = Ease of ICT use, 
SEFF = ICT self-efficacy, TPACK = Technological-pedagogical and content-related TPACK dimensions 
(i.e., TPCK, TPK, TCK), TK = Technological knowledge. 
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Pre-service teacher’ age did not significantly predict profile membership (B = 0.009, SE = 0.014, 
p = 0.539, OR = 1.009); moreover, women were more likely to be members of the first profile (B = 0.559, 
SE = 0.239, p = 0.015, OR = 1.748). 
 
Discussion and conclusion 
 
The main aim of this study was to identify profiles of pre-service teachers in order to explore their 
readiness to integrate technology in teaching and learning activities. Two profiles were identified based 
on their TPACK, other individual ICT-related characteristics, and the perceived support provided by their 
teacher training institution: (1) the high educational ICT profile (H-ICT) and (2) the low educational ICT 
profile (L-ICT). In both profiles, all individual characteristics (e.g., general ICT attitudes, attitudes toward 
the use of ICT in education, self-efficacy, and their TPACK) were positively correlated. This finding is in 
line with previous research that suggests that general and domain specific attitudes toward the use of ICT 
in education are closely related (cf. Agyei & Voogt, 2015). Another general finding is that (pre-service) 
teachers adopting more positive ICT attitudes were more likely to report positive attitudes toward ICT in 
education (see also Tondeur, Van de Velde, Vermeersch, & Van Houtte, 2017). Interestingly, pre-service 
teachers’ ICT self-efficacy, ease of use, and their TPACK go together within both profiles. 
 
Looking at the two profiles it is clear that some pre-service teachers are intrinsically motivated to use ICT 
in their educational practice, while others do not share this affinity (e.g., Teo & Milutinovic, 2015). For 
this reason, many researchers placed the individual teacher at the centre of educational change processes 
(Stoll, 1999). The results of this study indicate a positive association between TPACK and SQD. Pre-
service teachers in a profile with relatively positive attitudes, self-efficacy and TPACK also report higher 
scores on the perceived support provided by their teacher training institution. As a consequence, 
understanding of pre-service teachers’ ICT profile is a crucial factor in supporting pre-service teachers for 
ICT integration in education. TTIs play an important role in providing pre-service teachers of both 
profiles with opportunities to learn and build their TPACK. Clearly, these pre-service teachers in L-ICT 
also reflect less perceived support from their TTI. Consequently, measuring pre-service teachers’ ICT 
profile can be seen as an evaluation whereby TTIs can adjust the support needed to prepare future 
teachers for meaningful ICT integration in education. Moreover, from these results – although the 
direction of causality cannot be described – our study shows that TTIs matter for pre-service teachers’ 
overall ICT profiles. 
 
The discussion on the ways in which pre-service teachers can be better prepared for TPACK should also 
be seen as part of the development of the entire teacher education programme as demonstrated in the SQD 
model (Tondeur, van Braak, Siddiq et al., 2016). Technology needs to be infused as a systemic and 
systematic process throughout the entire teacher training programme. Several authors also argued that 
pre-service teachers need to work in collaborative groups and actively engage in the research on and 
design of tangible, meaningful ICT-related curriculum materials as end products of the learning process 
(Lee & Lee, 2014; Mouza et al., 2014). Many studies demonstrated that group work might mitigate 
feelings of insecurity of pre-service teachers in the Low ICT profile when they need to design 
technology-related curriculum materials (Angeli & Valanides, 2009; Tearle & Golder, 2008). In this 
respect, the findings of the current study can be used to make the composition of the groups based on the 
profiles, because this can have an influence on how positive the experience was felt to be (Jang, 2008). 
Their study also suggests that there may be some benefits in changing the composition of working groups 
over the course. Finally, research on TPACK (e.g., Koehler & Mishra, 2009) suggests that the opportunity 
to design technology-enhanced curriculum materials by design teams is a promising strategy for teachers. 
Through collaboration pre-service teachers can share their attitudes and abilities with one another. 
 
Limitations and recommendations for future research 
 
The added value of the current study lies in the richer account of how TPACK and a typical set of 
determinants of ICT integration can be associated within pre-service teachers’ profile. A better insight 
into their educational ICT profile is needed to guide future teachers in the development of TPACK and 
educational technology use. TTIs should closely consider their pre-service teachers, acknowledge their 
ICT profiles and take their background into consideration when preparing them for the twenty-first 
century learning environments with new technologies. 
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Although the present study provided an in-depth exploration of the ICT profiles of pre-service teachers, 
the study also reflects some shortcomings. Apart from the added value of seeking an evaluation of the 
TPACK profile outside the Flemish context or for in-service teachers, pre-service teachers are probably 
not only influenced by ICT-related factors. Pre-service teachers interpret innovations according to their 
pedagogical beliefs (Tondeur, van Braak, Ertmer et al. 2016; Ertmer, 2005; Prestridge, 2012). In other 
words, they accept innovations that are in accordance with their personal conceptions of teaching and 
learning. It is therefore necessary to understand how pre-service teachers think about good education. 
From a methodological point of view, any procedure that is aimed at identifying profiles or clusters of 
individuals on the basis of selected variables suffers from sample specificity to a certain extent (Morin & 
Marsh, 2015). We would therefore like to stimulate replication studies of our approach in order to put to 
test its robustness across different samples of pre-service teachers. Moreover, although it is desirable to 
identify more than two profiles based on the considerable number of ICT-related variables, greater 
complexity – as it is manifested by larger numbers of latent profiles – often contradicts the interpretability 
and practical relevance of profiles. Consequently, identifying educational approaches to support pre-
service teachers’ technology integration and address their ICT-related profiles at the same time, becomes 
a substantial challenge. From a statistical point of view, however, models with more profiles may capture 
the complexity of the data to a better extent than models with fewer profiles, as indicated by an 
improvement in model fit indices (Marsh et al., 2009). In their recent review article, Harring and Hodis 
(2016) addressed this issue and argued that “the final decision [on the number of profiles] should not 
weight heavier this [statistical] type of information than theoretical and substantive considerations” (p. 
361), and “important are the insights of the practitioner or substantive researcher who can marry the 
information garnered from the analysis with what seems theoretically defensible” (p. 365). Following this 
argumentation, we conclude that statistical preference and interpretability need to be balanced when 
disentangling profiles on the basis of substantively relevant variables. 
 
The static nature of the data, gathered to develop the ICT profiles, also pose difficulties to grasp the 
dynamic and evolving nature of preparing future teachers for educational technology use. Future research 
should therefore adopt an iterative approach in developing the teachers’ profiles and comparisons should 
also be made over time. It would be interesting to verify whether TTI change the profiles according to 
different stages of development. Future research should therefore adopt an iterative approach in 
developing the ICT profiles of (pre-service) teachers. Finally, the TPACK profiles could be used as a 
determinant to measure the extent to which pre-service teachers actually use ICT in their educational 
practice. These results can provide a good stepping stone to better prepare pre-service teachers for 
technology integration in education. 
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Appendix A 
 
Descriptive statistics and reliabilities of the T-dimensions measure (English translation) 
Item Wording M SD 
Technological content knowledge (TCK)   
TCK1 I am aware of ICT applications that I can use to give students insight into 
the subject I teach. 
2.47 0.86 
TCK2 I am aware of ICT applications to support the subject I teach. 2.49 0.86 
TCK3 I can choose ICT applications that support lessons a subject domain. 2.74 0.75 
TCK4 I know how to use ICT applications to present concepts from a discipline 
in a different way to my students. 
2.67 0.78 
Technological pedagogical knowledge (TPK)   
TPK1 I can choose technologies that enhance students’ learning for a lesson. 2.67 0.76 
TPK2 I can choose technologies that enhance the teaching approaches for a 
lesson. 
2.77 0.72 
TPK3 I can adapt the use of the technologies that I am learning about to 
different teaching activities. 
2.67 0.76 
TPK4 I am thinking critically about how to use technology in my classroom. 2.77 0.73 
TPK5 My teacher education program has caused me to think more deeply about 
how technology could influence the teaching approaches I use in my 
classroom. 
2.51 0.93 
Technological pedagogical content knowledge (TPCK)   
TPCK1 I can teach lessons that appropriately combine technologies, literacy, and 
teaching approaches. 
2.68 0.78 
TPCK2 I can use strategies that I have learned (in my teacher education program) 
to combine ICT, content, and pedagogy. 
2.58 0.81 
TPCK3 I can choose ICT applications that enhance what and how I teach. 2.70 0.71 
TPCK4 I can choose ICT applications for a subject domain that enhance what and 
how I teach. 
2.66 0.76 
TPCK5 I can give lessons about a subject area that appropriately integrate ICT, 
content, and teaching approaches. 
2.61 0.80 
Technological knowledge (TK)   
TK1 I know how to solve my own technical problems. 2.47 0.96 
TK2 I can learn technology easily. 2.66 0.91 
TK3 I keep up with important new technologies. 2.18 0.99 
TK4 I frequently play around with the technology. 2.58 0.92 
TK5 I know about a lot of different technologies. 2.47 0.95 
TK6 I have the technical skills I need to use technology. 2.72 0.84 
TK7 I have had sufficient opportunities to work with different technologies. 2.51 0.90 
 
